ABC transporters Mdr1a/1b, Bcrp1, Mrp2 and Mrp3 determine the sensitivity to PhIP/DSS-induced colon carcinogenesis and inflammation.
2-Amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP) is an abundant dietary carcinogen, formed during high-temperature cooking of meat. In this study, we investigated whether clinically relevant ATP-binding cassette (ABC) efflux transporters can modulate PhIP-induced colorectal carcinogenesis in vivo using wild-type (WT), Bcrp1-/-; Mrp2-/-; Mrp3-/- and Bcrp1-/-; Mdr1a/b-/-; Mrp2-/- mice. We used a physiological mouse model of colorectal cancer; a combination of a single high-dose oral PhIP administration (200 mg/kg), followed by administering a colonic inflammatory agent, dextran sodium sulfate (DSS), in drinking water for 7 days. Pilot experiments showed that both knockout strains were more sensitive to DSS-induced colitis compared to WT mice. Lack of these transporters in mice also led to clearly altered disposition of activated PhIP metabolites after a high-dose oral PhIP administration. The results suggest that Mdr1a/1b, Bcrp1 and Mrp2 contributed to biliary excretion and Mrp3 to sinusoidal secretion of the pre-carcinogenic metabolite N2-OH-PhIP. The levels of a genotoxicity marker, PhIP-5-sulphate, were at least 4- and 17-fold reduced in the intestinal tissue and intestinal content of both knockout strains compared to WT mice. In line with these findings, the level of colon carcinogenesis was reduced by two- to four-fold in both knockout strains compared to WT mice when PhIP and DSS treatments were combined. Thus, perhaps counterintuitively, reduced activity of these ABC transporters may in part protect from PhIP-induced colon carcinogenesis. Collectively, these data suggest that ABC transporters are important in protecting the body from inflammatory agents such as DSS, in the disposition of carcinogenic metabolites, and in determining the sensitivity to dietary PhIP-induced carcinogenesis.